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Abstract 
Course achievement evaluation is very important because it will determine students’ level of understanding with regards to the 
course. Each course offered at UniversitiKebangsaan Malaysia has its own pre-determined Learning Outcomes (LOs) which were 
published to students at the start of the semester. These LOs were evaluated at the end of the semester end in process to 
determine LO’s achievement by the students. Current learning evaluation consists of analyzing students’ grades accumulated 
from the final exam marks, assignments, projects, class participation and others. However, this evaluation does not realistically 
represent the students’ understanding of the course. Therefore, an evaluation based on Difficulty Index (DI) approach is proposed
as an accompanying method to evaluate the LOs’ achievements. DI can be used as an indicator to identify the level of difficulty
for each question or task assigned to students. DI values were measured for the objective and subjective types of final 
examination’s questions and also any assignments and group projects completed by the students. These items also contribute 
towards the final evaluation for each student. DI values were mapped to the LOs and also the BLOOM taxonomy classification as 
stated in the course syllabus. The mapping reveals the relationship between the evaluation items and the students’ achievement of
the LOs. The case study usesdata for the Management Information System (MIS) course which is offered to second year 
undergraduates at the Faculty of Information Science and Technology. The result revealed the role DI for this course as a 
possible transformation agent that is able to improve the course contents and delivery. DI also shows the relationship between the 
student achievement and the LOs. Hence, modification for future assessment methods can be proposed based on the DI values for 
the current assessment. 
© 2011 Published by Elsevier Ltd. Selection and/or peer reviewed under responsibility of the UKM Teaching and Learning 
Congress 2011. 
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1. Introduction 
In teaching and learning, learning objectives’ achievement wereevaluated based on aspects such as cognitive, 
affective and psychomotor.  For example,  Intelligence Quotient(IQ) and intelligence testing can be performed to 
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test the cognitive aspect of students in a class.  Example tests for affective testing are behavior and personality 
testing.  For psychomotor, the tests are concentrated on fitness and movement tests. 
In order to fulfil the requirement of International Organization for Standardization (ISO) and 
MalaysianQualifications Framework (MQF), courses offered at the tertiary level in Malaysian Public Universities 
were alsomapped to the cognitive,affective and psychomotor aspects. ISO and MQF also required that each course 
offered at a faculty must set specific and measurable course Learning Outcomes (LOs).  These LOs must be based 
on the BLOOM taxonomy.  The LOs will be shared with the students at the start of the course and this greatly 
benefits the students by making them aware of the new skill and knowledge that they will achieve at the end of the 
course.
Various methods such as assignments, quizzes, tutorial, laboratory sessions and final examination were often 
employed by lecturers to evaluate how much the students have achievedat the end of the course. However, the 
question on whether these methodsare an accurate measurement of the students’ achievement still arises. The 
important question is that whether these methods can differentiate between a high-achieving and a low-achieving 
student. 
The normal practice for a lecturer to evaluate the students’ achievements is by evaluating the students’ final 
grades at the end of the semester. However, this method may not represent exactly the measurement of each 
student’sunderstanding. Thus, this study proposes a more systematic measurement model based on the Difficulty 
Index (DI).  The aim of this study is to determine LOs’achievement through evaluationof DIfor each test item.Using 
DI, the lecturer can evaluate each test item and can identify whether it reliably tests the students’ understanding.  If 
the test items used were too easy or too difficult, then this test fails to differ between high-achieving and low-
achieving students. The lecturer then needs to continually modify each test items so that it can reliably test the 
students’ actual achievement for the course. 
We have chosen the Management Information Systems (MIS) course that offered during the third semester of the 
academic session 2010/2011 as our case study. The evaluation in this study only considers the cognitive aspect in 
determining the course learning outcome. This paper was divided into a number of sections.  Section 2 explains the 
literature review related to difficulty index.  It is followed by section 3 which elaborates on our research material 
and methods used in the data collection for a chosen course in Faculty of Information Science and Technology 
(FTSM).  The following sections discuss our findings  andelaborate with some discussion.  
2. Literature Review 
DI has been used to show whether the test items used are appropriate; neither too difficult that no student is able 
to answer the questions, nor too easy that all students are able to answer the questions.In other words, DI is a 
measure of the difficulty level of test items.The test items can be in the form of questions or assignment. DI is 
measured as the ratio between the numbers of correct answers to the total number of students answering the 
questions (Noraishiyah, 2006).  If most students answered the test item correctly, the test item is classified as easy, 
whereas if most students get the answer wrong then the test item is classified as difficult.  
The DI is interpreted as follows; the higher the DI, the lower is the difficulty, and the greater the difficulty of an 
item, the lower is itsDI (Sim and Raja Isaiah, 2006). Therefore based on the DI, the questions can then be classified 
into several levels: easy, medium and difficult (Loon, 2004). By analyzingthese values,the quality of the items and 
of the test as a whole can be evaluated. Such analyses can also be employed to revise and improve the test items by 
deleting or changing them. According to (Sarina et al, 2007), there are two methods to determine the DI of test 
items. The first method is to determine the DIfor objective questions and the second method is to determine the DI 
for subjective or essay questions. 
Objective question can be in the form of true/false, fill in the blanks, match the correct answer or Multiple Choice 
Questions (MCQs).  MCQs are mostly used in departmental examinations or as comprehensive examinations at the 
end of an academic session (Hubbard and Clemans, 1961). MCQs, whether in the format of “true/false” or “one-
best-answer”, are expressly designed to assess knowledge.  They have the advantage of sampling broad domains of 
knowledge efficiently and reliably (Norman, 1995). Concerns have been voiced that most MCQs tend to measure 
factual recall and recognition of isolated facts. But if carefully constructed, MCQs (especially one-best-answer-type) 
may also test higher-order thinking skills (Peitzman et al, 1990). 
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Test items or question must be relevant to the course contents and students. Questions with high objectivity are 
highly desirable. This objectivity will prompt the students to respond according to their level of knowledge. The 
students’ response will show their level of comprehension of the course contents. Hence, the lecturer should take 
into account that the questions will be attempted by high-performing students and also low-performing students. A 
questions’ objectivity is somehow disconnected the marking process is from the examiner’s judgment. For example, 
an objective question typically has only one correct answer.  Hence, multiple choice questions are also known as 
objective questions due to the high objectivity of the question.  
For multiple choice questions, multiple answer choices are given to the students with only one correct answer 
accepted during marking. The other answer choices act as distractors from the correct answer.  To evaluate the 
performance of the distractors, item analysis based on the students’ response are performed.  
According to (Bakhoff et. Al, 2000) the difficulty of an item is understood as the proportion of the persons who 
answer a test item correctly. The higher this proportion, the lower the difficulty. What this means is that it has to do 
with an inverse relationship: the greater the difficulty of an item, the lower its index (Wood, 1960). To calculate the 
difficulty of an item, the number of persons who answered it correctly is divided by the total number of the persons 
who answered it. Usually this proportion is indicated by the letter p, which indicates the difficulty of the item 
(Crocker and Algina, 1986). It is calculated by the following formula: 
pi = Ai / Ni
where: 
pi = Difficulty index of item i
Ai = Number of correct answers to item i
Ni = Number of correct answers plus number of incorrect answers to item i
Subjective questions are usually in the form of essays or structured questions. For subjective questions,the 
difficulty index is calculated as the average marks over the range of full marks as in the following formula.  
p = Average marks / Range of full marks 
As an example, a structured question can be given a minimum mark of 0 and the maximum marks of 5. Five 
students (S) answered the question with the following scores (Table 1);  
Table 1. Marks Scored By Students 
Student S1 S2 S3 S4 S5 Total 
Marks 1 3 2.5 4 1.5 12 
The average marks for the data in Table 1 is 12/ 5=  2.4. The range of full marks are 5 – 0 = 5 (maximum marks - 
minimum marks).  The difficulty index is 2.4/5 = 0.48. 
To further illustrate the DI, consider a question that was correctly answered by 10 students from a total of 20 
students. The DI value for this question is 10/20 = 0.50. The possible range of DI values are from 0 until 1. If no 
students answered the questions correctly, the DI value is calculated as 0/20 = 0. The question is classified as very 
difficult. On the other hand, if all students managed to correctly answer the question, DI = 20/20 = 1. The questions 
is calssified as very easy.  In a nutshell, a hard test item has a low DI value, whereas an easy test item has a high DI 
value as shown in Figure 1.  
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3. Materials and Method 
This paper discusses the performance of students for the elective course MISat the Faculty of Information 
Science and Technology (FTSM) during the third semester of the 2010/2011 academic session. This course was 
chosen because of the mixture of different assessment techniques that comprises of objective and subjective 
questions, group project and group assignments.  Students registered for this course are normally second year 
students from the Science and Systems Management Program. This case study encompasses all assessment methods 
used to evaluate the students achievement for the course. The learning outcomes for TS2723 are stated as below; 
LO 1 : Identify the core principles for information systems and general system thinking. 
LO 2 : Identify and explain the relation between other disciplines from previous courses and the core  principals   
for information systems.
LO 3  : Combining and applying knowledge and skills from Information Technology (IT) disciplines with Social  
Science in information system development. 
LO 4 : Identify the role of IT professionals as the agent of change and support for an organization. 
LO 5 :Analyzing and diferentiating between different information systems and the roles of system in solving  
problems in an organization. 
Table 2 show theLOs that will be assesed in the final exam paper for MIS. The table shows that all LOs are taken 
into consideration while preparing the assesment questions. This will ensure that  the students can potentially realize 
and achieve all the LOs for the course by the end of the semester. 
Table 2. The LOs That Are Achievable From The Final Exam Questions For TS2723 Course. 
Objective 
Questions
(Section A) 
 Learning Outcomes 
LO1 LO2 LO3 LO4 LO5 
1         x 
2   x       
3         x 
4     x     
5       x   
6         x 
7         x 
8     x     
9 x         
10 x         
Difficulty Index value 
      0.0                      0.5                           1.0
 Hard                   Moderate               Easy  
Item 
Figure 1.Difficulty Index Interpretation 
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11 x         
12     x     
13         x 
14 x         
15   x       
16         x 
17 x         
18   x       
19 x         
20   x       
21   x       
22     x     
23   x       
24     x     
25       x   
26 x         
27 x         
28     x     
29 x         
30         x 
Subjective  
Questions
(Section B) 
(Section C) 
B1 x  x   
B2 x  x   
C  x x   
As the first step in the process to determine the DI, the answer scripts, assignment scripts and final project report 
for MIS are accumulated. The DI was determined as follows;  transfer all the marks obtained into a table. Then 
calculate the DI according to the type of questions; objective or subjective. 
4. Results and Discussion 
Based on the students’ marks, the DI for the final examination paper wascalculated. Initially, we are interested to 
find the effectiveness of the distractors for the objective questions. Table 3shows the performance of the distractors 
for the objective questions in the MIS final exam paper. 
Table 3. The Performance For Distractors In the Objective Questions 
Answers 
Questions
A B C D 
1 20.00 8.57 8.57 62.86 
2 34.29 11.43 48.57 5.71 
3 37.14 20.00 20.00 22.86 
4 5.71 37.14 34.29 22.86 
5 22.86 20.00 57.14 0.00 
6 25.71 48.57 11.43 14.29 
7 8.57 34.29 22.86 34.29 
8 54.29 5.71 20.00 20.00 
9 25.71 5.71 45.71 22.86 
10 31.43 5.71 17.14 45.71 
11 22.86 2.86 68.57 5.71 
12 48.57 5.71 0.00 45.71 
13 45.71 25.71 20.00 8.57 
14 31.43 28.57 25.71 14.29 
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15 5.71 11.43 5.71 77.14 
16 5.71 37.14 37.14 20.00 
17 25.71 68.57 0.00 5.71 
18 57.14 5.71 0.00 37.14 
19 71.43 5.71 11.43 11.43 
20 34.29 42.86 11.43 11.43 
21 28.57 28.57 11.43 31.43 
22 5.71 37.14 25.71 31.43 
23 31.43 62.86 5.71 0.00 
24 17.14 34.29 2.86 45.71 
25 11.43 80.00 0.00 8.57 
26 37.14 11.43 8.57 42.86 
27 31.43 28.57 34.29 5.71 
28 2.86 14.29 31.43 51.43 
29 14.29 5.71 0.00 80.00 
30 34.29 60.00 2.86 2.86 
From the students’ response, the lecturer can differentiate between high-performing students and low-performing 
students in the class.  The lecturer can also modify the non-performing distractor so that it is more effective in its 
role. Overall, the students performed well in the objective part of the final exam questions. This may be interpreted 
as their level of LOs’ achievement outlined earlier. The students managed to grasp the basics for MIS introduced in 
this course. 
Figure 2 shows the graph based on the DI for each question in the objective part of the final exam. The DI values 
fall in the range between 0.1 and 0.8. Referring to Figure 1, this shows that the objective questions consist of a 
mixture of hard and easy questions. Approximately 12 questions lie within the upper half of the DI (0.5-0.8) and the 
balance of 18 questions lie within the lower half of the DI (0.1-0.5). 
Figure 2. DI for Objective Questions (Section A) 
Meanwhile, DI values for the three subjective questions are greater than 0.5. It shows that the students managed 
to answer the questions well.  
The DI values for the group project and assignments fall in the range of 0.7-1.0. This indicates that the students 
performed in group collaboration. A group of students working together will lead to a better answers and solutions 
for their given tasks. 
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5. Plan of Action 
Based on the work carried out, the following action plan for enhancement for this course need to be considered 
for all courses in FTSM and UKM in general.  The action plans are as follows:-  
i. Each LOs need to be taken into consideration while preparing evaluation items (questions, assignments etc) 
for the course. 
ii. Each test items need some analysis by identifying the DI for each question as proposed in this work.  
iii. Based on the DI, evaluation items with too high or too low of DI values must be modified in order to 
improve the quality of evaluation items. 
6. Summary 
DI measurement is a fundamental technique used in determining the level of difficulty in test items.  The paper 
represents a work carried out in measuring the level of difficulty and course learning outcome achievement for the 
students.  With DI, it is hope that each student will fulfil their LOs that was set in the syllabus.  This work is able to 
reveal the roleof DI as a potential transformation agent for this course since it has successfully portray the level of 
difficulty for each questions and tasks assigned to students. Thus further modification on the future assessment can 
be monitored and carried out by the respective lecturer for teaching and learning enhancement purposes particularly 
in TS2723 Management Information Systems.  Future works based on this study is to perform more in-depth 
analysis that will further support the potential role of DI towards improving course content achievement. 
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